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Abstract-Effects
of 5 kinds of fluorides on the twitch of the sartorius muscle of the bull frog were investigated.
All of the fluorides (0.1-2.0 mM) enhanced the twitch evoked by nerve stimulation.
The extents of enhancement at 2.0 mM were in the order: stannous fluoride >> potassium fluoride > sodium silico fluoride > sodium fluoride > diammine silver fluoride. The extent of each enhacement was larger than that in the case of direct stimulation of the muscle.
These findings show that fluorides commonly enhance the twitch of skeletal muscle and that the extent of enhancement is related to the properties of cations included in the fluoride.
It has been reported that sodium fluoride (NaF) shows an anti-curare action, that is, NaF facilitates the neuromuscular trans mission in the cat (1), enhancing the twitch of skeletal muscle in antagonism against the inhibitory action of d-tubocurarine chloride (d-Tc) in the frog (2) . However, effects of fluorides other than NaF on the twitch of skeletal muscle have not been investigated. Thus, we studied the effects of 5 kinds of fluorides to see whether the anti-curare action is a common property to fluorides. The fluorides tested were diammine silver fluoride [Ag(NH3)2F], potassium fluoride (KF), NaF, sodium silico fluoride (Na2SiF6) and stan nous fluoride (SnF2).
Sciatic nerve-sartorius muscle preparations from the bull frog Rana catesbeiana weighing from 100 to 200 g were used as the material. isometrically by means of a force-displace ment transducer (SB-1T, Nihon Kohden). Tested drugs were dissolved in 0.6% NaCI solution and applied in a Magnus tube. The composition of normal Ringer's solution (in mM) was as follows: NaCI, 110; KCI, 0.9; CaCl2, 1.1 ; NaH2PO4, 0.5; NaHCO3, 2.4; and glucose, 5.6. The pH was adjusted to 7.3. All experiments were performed at room temper ature (20-25'C). Each of the tested drugs (0.1-2.0 mM) dose-dependently enhanced the twitch evoked by nerve stimulation, as shown in Fig. 1 . Above all, SnF2 increased the twitch tension over 2 times more intensively than the other fluorides at any concentration. SnF2 even at a concentration as low as 1 tiM enhanced the twitch. The fluorides except for SnF2 showed extents of enhancement that were similar to one another.
The direct stimulative action of fluorides on the muscle was investigated on the material whose neuromuscular junction was com pletely blocked by treatment with d-Tc (30 ,ug/ml) throughout the experiment. Fluorides except for NaF enhanced the twitch evoked by direct stimulation. The extent of each enhancement was smaller than that in the case of nerve stimulation. The minimal con centration of fluoride which caused the enhancement was as follows: 0.5 mM for Ag(NH3)2F, KF or Na2SiF6 and 0.1 mM for SnF2, which were all higher than that in the case of nerve stimulation. On the other hand, NaF even at a concentration as high as 10 mM never enhanced the twitch evoked by direct stimulation. From these findings, it is thought that fluorides do not always have a direct action on the muscle fiber and that this direct action is due to cations included in the fluoride but not due to fluorine ion (F-). Effects of SnF2 were compared with those of SnC12 to see whether stannous ion (Sn2+) participates in the prominent enhance ment by SnF2. SnCl2 augmented the twitch evoked by nerve stimulation.
However, the extent of this augmentation was smaller than that in the case of SnF2 at the concentrations from 0.1 to 2.0 mM. SnC12 also showed an antagonism against d-Tc, whose extent was smaller than that of SnF2 (Fig. 2) , that is, inhibitory action of d-Tc (6 /cg/ml) on the twitch was completely antagonized by 0.5 mM SnF2 but 0.5 mM SnCl2 antagonized only the inhibition by d-Tc at lower than 1.5 jtg/ ml. Direct action of 0.5 mM SnF2 on the muscle was as strong as that of SnC12. These results suggest that the excitatory action of Sn2+ may be involved in augmen tation of the twitch by SnF2 and that the direct action of SnF2 may be due to Sn2+ but not to F-, because SnC12 as well as SnF2 augmented the twitch evoked by muscle stimulation to the same extent, but NaF had no directly stimulative effect on the muscle. Thus, it seems that SnF2 remarkably augments the twitch evoked by nerve stimulation through the direct action of Sn2+ in addition to the improvement of neuromuscular trans mission by both F and Sn2+.
It has been reported that the aqueous solution of SnF2 is acidic (3), thus favoring the activity of fluoride (4). However, SnF2 whose concentration was lower than 50 aM did not change the pH of Ringer's solution. Therefore, the enhancement by SnF2 lower than 50 ,uM may be unrelated to lowering the pH, but that by SnF2 higher than 50 aM might have been potentiated by acidification.
In conclusion, fluorides commonly enhance the twitch of skeletal muscle, and the extent of enhancement is related to the properties of cations included in the fluoride.
